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d.) Remarks 

Claim 1-23 are pending in the application. Claims 1 and 17 are amended. Claims 
8-16 are canceled. Applicant is grateful to the examiner for a helpful interview on 
October 29, 2003. 

Claims 1-7 and 17-23 were rejected under 35 USC 103(a) overU.S Patent No. 
4,463,243 ("Church") in view of U.S. Patent No. 4,800,131 to Marshall et al. 
(''Marshall"). Applicant respectfully asserts that amended independent Claim 1 
specifically points out that the wire of the present invention is utilized in a straight 
polarity welding configuration (DCEN). As follows from various excerpts of the 
publications enclosed with this response, they all teach away from using the DCEN 
configuration in gas metal arc welding because of arc instability and spatter problems 
(Jefferson's Welding Encyclopedia, 18 th Edition, CaiVs Modern Welding Technology, 2 nd 
Edition, The Procedure Handbook of Arc Welding, AWS* Welding Handbook, 7 th 
Edition). No teachings of Church in combination with Marshall hint or suggest that the 
wire of amended Claim 1 can be successfully used in a DCEN welding configuration. 
Contrary to the accepted view in the art, the composition of the wire as recited in 
amended Claim 1 has indeed been successfully used in the DCEN gas-metal arc welding 
configuration and, therefore, cannot be anticipated by Church in combination with 
Marshall. Allowance of amended independent Claim 1 and its dependent Claims 2-7 is 
respectfully requested. 

Similarly, in addition to the already recited step of coupling the welding apparatus 
to a power source in the straight polarity configuration in the body of independent Claim 
17, amended claims 17 recites that the claimed welding process takes place in the direct 
current (DCEN) configuration, contrary to the teaching of the existing state of the art. No 
teachings of Church in combination with Marshall hint or suggest that the wire of 
amended Claim 17 can be successfully used in a DCEN welding configuration process. 

Contrary to the accepted view in the art, the composition of the wire as recited in 
amended Claim 17 has indeed been successfully used in the DCEN gas-metal arc welding 
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configuration process and. therefore, cannot be anticipated by Church in combination 
with Marshall. Allowance of amended independent Claim 17 and its dependent Claims 
18-23 is respectfully requested. 

Examiner is kindly invited to telephone die undersigned attorney to discuss any 
matters expediting allowance of the pending Claims. 



Respectfully submitted. 

Maria Eliseeva. Reg. No. 43,328 
Customer No: 29127 
Houston Eliseeva LLP 
4 Militia Drive. Suite 4 
Lexington, MA 02421 
Phone: 781-863-9991 
Fax: 781-863-9931 
e-mail :maria@patentbar. com 

Dated: November 10 5 2003 
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GAS METAL ARC WELDING (GMAW) 213 



\tthe low-current levels for each electrode size, the 
v& is nearly linear. However, at higher welding cur- 
ts t particularly with small diameter electrodes, the 
ves become nonlinear, progressively'increasing at a 
her rate as welding amperage increases. This is 
ibuted to resistance heating of the electrode exten- 
l beyond the contact tube. 

Vith all other variables held constant an increase in 
ding current (electrode feed speed) will result in 
following: 

1) An increase in the depth and width of the weld 
etration 

2} An increase in the deposition rate 

3) An increase in the size of the weld bead 

*ulsed spray welding is a variation of the GMAW 

:ess in which the current is pulsed to obtain the 

antages of the spray mode of metal transfer at aver- 

currents equal to or less than the globular-to-spray 

sition current. 

•ince arc force and deposition rate are exponen- 
y dependent on current, operation above the transi- 
current often makes the arc forces uncontrollable 
vertical and overhead positions. By reducing the 
■age current with pulsing, the arc force and deposi- 
rates can both be reduced, allowing welds to be 
je in all positions and in thin sections, 
tfth solid wires, another advantage of pulsed 
er welding is that larger diameter wires, i.e., 
Ban (1/16 in.) can be used. Although deposition 
5 are generally no greater than those with smaller 
aster wires, the advantage is in the lower cost 
unit of metal deposited. There is also an increase 
'^position efficiency because of reduced spatter 

fifr metal cored wires, pulsed power produces an 
^ less sensitive to changes in electrode exten- 
ts tickout) and voltage compared to solid wires. 
«*e process is more tolerant of operator guidance 
j a &ons. Pulsed power also rmnimizes spatter 
80 °P e ration already low in spatter generation. 

he Polarity 

^errn polarity is used to describe the electrical 
^Jjou of the welding gun with relation to the 
- s a direct current power source. When the 
w lead is connected to the positive terminal, 
ijve^rnp 8 designated as direct current electrode 
50 the arbitrarily called reverse polarity. 

P°Uritv U ' n is connected t0 toe negative terminal, 
itj Ve iSL^t designated as direct current electrode 
'°CEN), originally called straight polarity. 



-r 

The vast majority of GMAW applications use direct j 
current electrode positive (DCEP). This condition | 
yields a stable arc, smooth metal transfer, relatively — 
low spatter, good weld bead characteristics, and great- 
est depth of penetration for a wide range of welding 
currents. 

Direct current electrode negative (DCEN) is seldom 
used because axial spray transfer is not possible with- 
out modifications that have had little commercial 
acceptance, DCEN has a distinct advantage of high 
melting rates that cannot be exploited because the 
transfer is globular. With steels, the transfer can be 
improved by adding a rriinimum of 5% oxygen to the 
argon shield (requiring special alloys to compensate 
for oxidation losses) or by treating the wire to make it 
thermionic (adding to the cost of the filler metal). In 
both cases, the deposition rates drop, eliminating the 
only real advantage of changing polarity. However, 
because of the high deposition rate and reduced 
penetration, DCEN has found some use in surfacing 
applications. 

Attempts to use alternating current with the GMAW 
process have generally been unsuccessful. The cyclic 
wave form creates arc instability due to the tendency 
of the arc to extinguish as the current passes through 
the zero point. Although special wire surface treat- 
ments have been developed to overcome this problem, 
the expense of applying them has made the technique 
uneconomical. 

Arc Voltage (Arc Length) 

Arc voltage and arc length are terms that are often 
used interchangeably. It should be pointed out, how- 
ever, that they are different even though they are 
related. With GMAW, arc length is a critical variable 
that must be carefully controlled. For example, in the 
spray-arc mode with argon shielding, an arc that is too 
short experiences momentary short circuits. They 
cause pressure fluctuations which pump air into the 
arc stream, producing porosity or embrittlement due to 
absorbed nitrogen. Should the arc be too long, it tends 
to wander, affecting both the penetration and surface 
bead profiles. A long arc can also disrupt the gas 
shield. - . - _____ 

With all variables held constant, arc voltage is 
directly related to arc length. Even though the arc 
length is the variable of interest and the variable that 
should be controlled, the voltage is more easily moni- 
tored. Because of this, and the normal requirement that 
the arc voltage be specified in the welding procedure, 
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consumable electrode welding arc, also known as a 
"metallic arc/* is a sustained high-current low-voltage 
electrical discharge through a highly conductive plasma 
that produces sufficient thermal energy which is useful 
for joining metals by fusion. 

The consumable electrode welding arc (Figure 6-1) 
is a steady-state condition maintained at the gap between 
the tip of the melting electrode and the molten pool of 
i he workpiece. The electrode is continuously fed into the 
arc and is melted by the heat of the arc. The molten metal 
of the electrode transfers across the arc gap to the 
workpiece, where it is deposited and upon solidification 
becomes the deposited weld metal. This is a very com- 
plex operation that is not completely understood. 

The consumable electrode welding arc is a column 
of electrically and thermally excited gas atoms and ionized 
metal vapors from the electrode material known as a 
plasma. This plasma conducts current ranging from a few 
amperes to hundreds of amperes of either alternating cur- 
rent or direct current of either polarity. It has a voltage 
or potential drop of from 10 to 50 V. The plasma operates 
at a very high temperature, approximately 6000 °C 
(10,000 °F). A consumable electrode welding arc has a 
* 'point-to-plane' 1 geometric configuration. Details of the 
arc region are shown in Figure 6-2. 

In the metallic arc the high-temperature plasma 
causes the gas atoms in the arc to break down into positive 
ions and negative electrons. Electrons (negative) move 
from the cathode (negative) to the anode (positive). The 
ions (positive) mo^e from the anode (positive) to the 



cathode (negative). In direct-current reverse-polarity 
(DCEP) gas metal arc welding, the common welding 
polarity, the electrons move from the workpiece to the 
electrode, and the positive ions move from the electrode 



FIGURE 6-1 Consumable electrode welding arc. 





FIGURE 6-2 Arc region of the 
consumable electric arc. 



CATHODE DROP 

. /. 



114 ARC WELDING WITH A CONSUMABLE ELECTRODE CH. 6 
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to the workpiece. The largest portion of current flow is 
carried by the electrons. Conventional current flows from 
the electrode to the workpiece. 

The potential gradiant along the axis of the arc is 
not uniform, The three voltage regions, known as the 
anode drop, the arc column or plasma drop, and the 
cathode drop, are also shown by the. figure. The anode 
and cathode drops are extremely short in length but repre- 
sent the largest gradient of the voltage potential. The total 
voltage potential in the arc is the sum of these three poten- 
tial drop regions.' l > The theoretical arc heat energy 
available is governed by the welding current and the 
voltage drops of these three regions. Unfortunately, this 
is difficult to measure since a voltage meter, in a normal 
gas metal arc welding system, measures the voltage from 
the electrical current contact tip to the base metal 
workpiece. In the total arc region there is another poten- 
tial drop known as the electrode resistance drop. This is 
the resistance to current flow through the electrode ex- 
tension or stickout. This represents a fairly large drop 
based on the welding current, the diameter of the elec- 
trode, and the electrode composition, It is calculated as: 
electrode resistance drop E ~ P x R; I is the welding 
current and R is resistance of the electrode wire for the 
length of the extension. The heating of the electrode ex- 
tension has a great effect on burn-off rates. 

The relationship between welding current and arc 
voltage is not a straight line. The curve shown in Figure 
6-3 is nonlinear and in the low-current area has a negative 
slope J 21 The major part of the curve shows that the arc 
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FIGURE 6-3 Arc voltage versus welding current of the 
metal arc in argon. (From Ref. 2.) 



voltage does increase with welding current, other condi- 
tions remaining the same. The welding current can be 
varied over a wide range of values from at least 20 A to 
over 500 A direct current. 

The length of the arc, or the arc gap, affects the 
arc voltage. A short arc which is approximately equal to 
one diameter of the electrode wire has the lowest voltage. 
The medium -length arc is in the medium -voltage range. 
The long arc is equal to about five times the diameter 
of the electrode and has the highest voltage /This is shown 
in Figure 6-4, which shows an aluminum arc in helium. 
The long arc becomes uncontrollable and it will not 
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FIGURE 6-4 Arc length-arc voltage relationship. 
(From Ref, 3.) 
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FIGURE 6-5S Base metal 
thickness range (GMAW). 



the thinnest up to the thickest", by choosing the correct 
electTOde wire type and size and gas for shielding. 

Joint Design 

The gas metal arc welding process can utilize the same 
joint design details that are used for the shielded metal 
arc welding process. These joint details are given in 
Chapter 19. For maximum economy and efficiency, weld 
joint details, specifically groove welds, should be modi- 
fied. The overall diameter of the electrodes employed by 
gas metal arc welding are smaller than those employed 
for shielded metal arc welding. Because of this, the groove 
angles can be reduced (Figure 6-56). Reducing groove 
angles will still allow the electrode to be directed to the 
root of the weld joint so that complete penetration will 
occur. 

The different variations require special attention 
concerning weld design. The C0 2 variation provides ex- 
tremely deep penetrating qualities and in designing fillet 
welds, the size of the fillet can be reduced at least one 
sire when converting from shielded metal arc welding to 
C0 2 welding. 

The variation using inert gas on non ferrous metals 
can use the standard joint details recommended for 
shielded metal arc welding, except that the groove angle 
should be reduced. The joint designs used for pipe weld- 
ing with shielded metal arc welding or gas welding are 
normally used for gas metal arc welding. 

Welding Circuit and Current 

The welding circuit employed for gas metal arc welding 
(Figure 6-57) uses a wire feeder system that controls the 
electrode wire feed and welding arc, as well as the flow 



FIGURE 6-56 Weld joint design difference (GMAW). 





of shielding gas and cooling water. The power supply is 
normally the constant-voltage (CV) type. A gun or torch 
is used for directing the electrode and shielding gas to 
the arc area. A travel system is required for mechanical 
welding. 

The gas metal arc welding process uses direct cur- 
rent. Alternating current has not been successfully used. 
Direct current is normally used with the electrode positive " 
DCEP (reverse polarity). Direct-current electrode 
negative DCEN (straight polarity) can be used with special 
emissive- coated electrode wires, which provide for bet- 
ter electron emissions. DCEN is rarely used because the 
emissive-coated electrodes have a short storage life, 

The shorting arc variation became popular when the 
constant-voltage system of welding power was intro- 
duced. The constant -voltage system reduced the com- 
plexity of the wire feed control circuits and eliminated 
electrode burnback to the contact tip or stubbing to the 
work. It also provided positive arc starting. 

The pulsed-current variation requires a special 
power source which changes from a lower to a higher cur- 
rent at a frequency equal to or double that of the line 
frequency. This is normally 50 or 60 Hz and 100 or 120 
Hz. 

The welding current varies from as low as 20 A at 
a voltage of 18 V to as high as 750 A at an arc voltage 
of 50 V. This broad range of current and voltage encom- 
passes all the variations. 

Equipment Required to Operate 

The equipment required for a gas metal arc welding 
system (Figure 6-57) consists of (1) the power source, (2) 
the electrode wire feeder and control system, (3) the 
welding gun and cable assembly for semiautomatic 
welding or the welding torch for automatic welding, (4) 
the gas and water control system for the shielding gas and 
cooling water when used, and (5) travel mechanism and 
guidance for automatic welding. 

Either a generator power source or a transformer- 
rectifier power source can be used; both are equally 
satisfactory. For-the shorting arc variation the 200-A 
machine is normally used. C0 2 welding and spray arc 
welding require higher-current power sources up to 650 
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5 4-4 We/ding Processes 



the arc. The spray-arc technique is recommended for 
1/8-in. and thicker sections, requiring heavy single 
or multipass welds or for any filler-pass application 
where high deposition rate is advantageous. 

MIG welding is a DC weld process; AC current is 
seldom, if ever, used. Most MIG welding is done 
with reverse polarity (DCRP). Weld penetration is 
deeper with reverse polarity than it is with straight 
polarity. MIG welding is seldom done with straight 
polarity, because of arcinstability and spatter prob- 
lems that make straight polarity undesirable for 
most applications. 

The gas metal*arc process can be used for spot 
welding to replace either riveting, electrical resist- 
ance, or TIG spot welding. It has proved applicable 
for spot welding where TIG spot welding is not suit- 
able, such as in the joining of aluminum and nmmed 
steel. Fitup and cleanliness requirements are not as 
exacting as with TIG spot welding, and the MIG 
process may be applied to thicker materials. 

The MIG process U also adaptable to vertical 
electrogas welding in a manner similar to that used 
with the gas-shielded flux-cored electrode process 
(see Section 6.5). 

GAS TUNGSTEN-ARC WELDING 

The AWS definition of gas tungsten-arc (TIG) 
welding is "an arc welding process wherein coales- 
cence is produced by heating with an arc between a 
tungsten electrode and the work." A filler metal 
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Fitt. 5-15. Principles of the gas tungstan-arc process. If filler metal Is 
required, it is fed Into the pooi from a separate filler rod. 
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Fig. 5-16. Schematic of manual TIG welding. 

may or may not be used. Shielding is obtained 
a gas or a gas mixture. 

Essentially, the nonconsumable tungsten 
trode is a "torch" - a heating device. Unde 
protective gas shield* metals to be joined mi 
heated above their melting points so that ma 
from one part coalesces with material fror 
other part. Upon solidification of the molten 
unification occurs. Pressure may be used wh€ 
edges to be joined are approaching the molter 
to assist coalescence. Welding in this ro 
requires no filler metal. 

If the work is too heavy for the mere fus 
abutting edges, and if groove joints or rein 
ments, such as fillets, are required, filler meta 
be added.This is supplied by a filler rod,rnanu; 
mechanically fed into the weld puddle. Both ! 
of the nonconsumable tungsten electrode ai 
tip of the filler rod are kept under the protect 
shield as welding progresses. 

Figure 5-15 illustrates the TIG torch, an 
6-16 a schematic for manual TIG welding. The 
of manually feeding filler rod into the weld 
is illustrated in Fig. 5-17. In automatic w 
filler wire is fed mechanically through a guit 
the weld puddle. When running heavy joints 
ally, a variation in the mode of feeding is to 
press the filler rod in or along the joint and 
along with the joint edges. All of the standa* 
of joints can be welded with the TIG proc 
filler metal. ' 

Usually the arc is- started by a high-fre< 
high-voltage device that causes a spark to jun 
- the' electrode - to- the- work and initiate-the ' - 
current. Once the arc is started, the elect 
moved in small circles to develop a pool of 
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Maximum overlap is attainable if the backhand 
technique is used on the second side. 

For the best quality welds, some bevel should be 
provided . A 60° single or double- V joint is recom- 
mended. A root opening of zero to 1/16-in. should 
be maintained. Double-V welds can tolerate wider 
openings than single- V welds. In single- V grooves, a 
sealing pass from the reverse side will generally be 
required unless the fitup is uniform. 

Plates 1/4-in. thick and thicker generally require 
single or double- V grooves with 60° included angles. 
It is generally advantageous to employ a double V. 
Less metal is needed to fill the joint and less 
distortion results when welding from alternate sides. 

For both types of joints, zero root face is recom- 



men he root passes. A 

ioot i unless an open- 

ing larger than normal can be maintained to insure 
penetration. Uniform penetration is obtainable in 
joints having no root face if the opening is held less 
than 3/32-in. 

Poor fitup and root overlap should be avoided. 
Where variations in spacing greater than 1/16 in. are 
encountered, copper backup strips will prevent 
excessive penetration. 

U grooves should be employed on plate thicker 
than 1 in. They require considerably less weld metal. 
Root spacings should be maintained between 1/32 
and 3/32 in. Root face should be kept below 3/32 
in. to assure adequate penetration. 



PROCEDURES FOR GAS METAL-ARC WELDING CARBON -STEEL BUTTS 
BY SPRAY TRANSFER 



Gas — Argon with 5% O a 
Gas Flow 40-50 cfh 




\~ A ~7 r— 1/4 -3/4" 

i X i r 


Plata-Th ick n ess ( i n. ] 


1/8 


3/16 


1/4 


5/16 


1/2 


3/4 


Electrode Size 


1/16 


1/16 


3/32 


3/32 


3/32 


3/32 




1 


2 


1 


? 


1 


2 


1 


2 


1 -4 


Current DCRP 


280 


375 


375 


430 


400 


420 


400 


450 


450 


WFra Speed (Epm) 


165 


260 


B3 


95 


87 


92 


87 


100 


100 


\ Voltage 


24 


26 


27 


28 


28 


29 


\ ArcS peed! ipm) 


20 


24 


24 


20 


14 


12 


: Total Time (hr/f t of weld) 


0.0100 


0.0167 


0.0167 


0.0200 


0.0286 


0.0667 


: Antfe A (degrees) 






60 


60 


60 


90 
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Gas Metal Arc Welding 



FUNDAMENTALS OF THE PROCESS 



DEFINITION AND GENERAL 
DESCRIPTION 

Gas metal arc welding (OMAW) is an 
electric arc welding process which produces 
coalescence of metals by heating them with an 
arc established between a continuous filler metal 
(consumable) electrode and the work. Shielding 
of the arc and molten weld pool Is obtained 
entirely from an externally supplied gas or gas 
mixture, as shown in Fig. 4.1. The process is 
sometimes referred to as MIG or CO, welding. 

When GMAW was first developed, it was 
considered to be fundamentally a high current 
density, small diameter, bare metal electrode 
process using an inert gas for arc shielding. Its 
primary application was for welding aluminum. 
As a result, the term MIG (Metal Inert Gas) was 
used and is still the most common reference for 
the process. Subsequent developments include 
operation at low current densities and pulsed 
direct current, application to & broader range of 
materials, and the use of reactive gases (particu- 
larly CO*) or gas mixtures. This latter develop- 
ment has led to the formal acceptance of the term 
gas metal arc welding (GMAW) for the 
process because both inert and reactive gases 
arc used. 

GMAW is operated in semiautomatic, ma- 
chine, and automatic modes. It is utilized 
particularly in high production welding opera- 
tions. AU commercially important metals such 
as carbon steel, stainless steel, aluminum, and 



copper can be welded with this process in 
positions by choosing the appropriate shield] 
gas, electrode, and welding conditions. 

ARC POWER AND POlARITY 

The vast majority of GMAW applicatic 
require the use of direc^current reverse polar, 
(electrode positive). This type' of dectricaf cc 
nection yields a stable arc, smooth metal transf 
relatively low spatter loss, and good weld be 
characteristics for the entire range of weldi 
currents used. 

Direct current straight polarity (electro 
negative) ^^Idojn used, since the arc c 
become very unstable and erratic even though t 
electrode melting rate is higher than th 
achieved with dcrp (electrode positive), Wh 
employed, desp (electrode negative) is used 
conjunction with a "buried' ' arc or short clrcu 
ing metal transfer. Penetration is lower wi 
straight polarity than with reverse polarity dire 
current. 

Alternating current has found no comrne 
cial acceptance with the GMAW process for tv 
reasons: (l)The arc is extinguished during e& 
half cycle as the current reduces to zero, and 
may not reignite if the cathode cools sufficient! 
and (2) Rectification of the reverse polarity eye 
promotes the erratic arc operation. A mo; 
detailed discussion on the effect of polarity c 
metal transfer can be found in Chapter 
Welding Handbook, Volume 1, 7th editioi 



114 
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METAJ. TRANSFER 

Filler metal can be transferred from the 
electrode to the work in two ways: (I) when the 
electrode contacts the molten weld pool thereby 
establishing a short circuit, which is known as 
short circuiting transfer (short circuiting arc 
welding); and (2) when discrete drops are moved 
across the arc gap under the influence of gravity 
or electromagnetic forces. Drop transfer can be 
either globular or spray type. 

Shape, size, direction of drops (axial or 
nonaxial), and type of transfer are determined by 
a number of factors. The factors having the most 
influence are 

( 1 ) Magnitude and type of welding current 

(2) Current density 

(3) Electrode composition 

(4) Electrode extension 

(5) Shielding gas 

(6) Power supply characteristics 

Axially directed transfer refers to the move- 
ment of drops along a line that is a continuation 
of the longitudinal axis of the electrode. N on- 
axial ly directed transfer refers to movement in 
any other direction. 

Short Circuiting Transfer 

Short circuiting arc welding uses the lowest 
range of welding currents and electrode diam- 
eters associated with GMAW. Typical current 
ranges for steel electrodes are shown in Table 4.1. 
This type of transfer produces a small, fast 
freezing weld pool that is generally suited for the 
joining of thin sections, for out-of -position 
welding, and for the filling of large root open- 
ings. When weld heat input is extremely low, 
plate distortion is small. Metal is transferred 
from the electrode to the work only during a 
period when the electrode is in contact with the 
weld pool. There is no metal transfer across 
the arc gap. 

The electrode contacts the molten weld pool 
at a steady rate in a range of 20 to over 200 times 
each second. The sequence of events in the trans- 
fer of metal and the corresponding current and 
voltage are shown in Fig. 4.2. As the wire 
touches the weld metal, the current increases. It 
would continue to increase if an arc did not form, 
as shown at E in Fig. 4.2. The rate of current 



Fundamentals of She Process / 115 

increase must be high enough to maintain a 
molten electrode tip until filler metal is trans- 
ferred. Yet, it should not occur so fast that it 
causes spatter by disintegration of the transferring 
drop of filler metal. The rate of current increase 
is controlled by adjustment of the inductance in 
the power source. The value of inductance re- 
quired depends on both the electrical resistance 
of the welding circuit and the temperature range 
of electrode melting. The open circuit voltage of 
the power source must be low enough so that an 
arc cannot continue under the existing welding 
conditions. A ponton of the energy for arc 
maintenance is provided by the inductive storage 
of energy during the period of short circuiting. 

As metal transfer only occurs during short 
circuiting, shielding gas has very little effect on 
this rype of transfer. Spatter can occur. It is 
usually caused by either gas evolution or electro- 
magnetic forces on the molten tip of the electrode. 

Globular Transfer 

With a positive electrode (dcrp), globular 
transfer takes place when the current density is 
relatively low, regardless of the rype of shielding 
gas. However, carbon dioxide (CO a ) shielding 
yields this type of transfer at all usable welding 
currents. Globular transfer is characterized by a 
drop size of greater diameter than that of the 
electrode. 

Globular, axially directed transfer can be 
achieved in a substantially inert gas shield with- 
out spatter. The arc length must be long enough 
to assure detachment of the drop before it con- 
tacts the molten metal. However, the resulting 
weld is likely to be unacceptable because of lack 
of fusion, insufficient penetration, and excessive 
reinforcement. 

Carbon dioxide shielding always yields 
nonaxially directed globular transfer. The de- 
parture from axial motion is due to an electro- 
magnetic repulsive force aciinf upon the bottom 
of the molten drop, as shown in Hg. 4.3. Flow 
of electric current through the electrode generates 
several forces that act on the molten bp. The 
most important of these are pinch force (P) and 
anode reaction force (R). The magnitude of the 
_pinch force is a direct function of wel ding current - 
and wire diameter, and is usually responsible for 
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1 16 / GAS METAL ARC WELDING 



drop detachment. With COj shielding, the wire 
electrode is melted by the arc heat conducted 
through the molten drop. The electrode tip is not 
enveloped by the arc plasma. The molten drop 
grows until it detaches by short circuiting or 
gravity, as/? is never overcome by P. High speed 




Consumable 
electrode 



Base ^ weld 

meta » metal 
4.1— *Gas mete/ arc welding process 



photography shows that the arc moves over the 
area between the molten drop and woriqpiece, 
while R tends to support the drop. Spatter can 
therefore be very severe. 

Spray Transfer 

In a gas shield of at least 80 percent argon 
or helium, filler metal transfer changes rrom 
globular to spray type as welding current in- 
creases for a given size electrode, tor ail metals, 
the change takes place at a current value called 
the globular- to- spray transition current. Table 
4.2 list* transition currents for various metal 
electrodes. 

Spray type transfer has a typical fine arc 
column and pointed wire tip associated with it. 
Molten filler metal transfers across, the arc as 
fine droplets. The droplet diameter is equal to or 
less than the electrode diameter. The metal spray 
is axially directed. The reduction in droplet size 
is also accompanied by an increase in the rate of 
droplet detachment, as illustrated in Fig. 4.4. 
Metal transfer rate may range from less than 100 
to several hundred droplets per second as the 
electrode feed rate increases from approximately 
42 to 340 mm/s (100 to 800 in./min). 




Time- 



Zero 




Fig. 4Jt-CscWogr*ms and sketches of short circuiting arc mete/ transfer 
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Shielding 
gas source 




Gas out 



NOTE: Gas shielding is used only 
with electrodes requiring it. 



fig. 5 J— Typk.nl flux cored automatic *rc welding equipment 
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which the electrode .is designed. Here the **0" 
means that the electrode is designed for fiat and 
horizontal positions. However, small sizes of the 
classification may be suitable for vertical or 
overhead positions, or both. 

The letter *'T M indicates that the electrode 
is of tubular construction (a flux cored elec- 
trode). The suffix number (in this example "I") 
places- the electrode -in a -particular grouping- 
built around the chemical composition of depos- 
ited weld metal, method of shielding, and suit- 
ability of the electrode *fj$ single or multiple 
pass welds. .^ .v 



MUd^steei FCAW electrodes are classified 
on the basis of whether or not carbon dioxide is 
required as a separate shielding gas, the type of 
current, their usability for welding position and 
number of weld passes, and the chemical com- 
position and as- welded mechanical properties 
of deposited weld metal. Electrodes are designed 
to produce weld metals having specified chem- 
ical- compositions and mechanical properties 
when the welding and testing are done to the 
specification requirements. 

Electrodes are produced in standard sizes 
ranging from 1.58 to 3.97 mm (i/16 to 5/32 in.) 
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Electrode 

.^p guide tube 




Ins ufa ted 
nozzle 

Contact tube 



Electrode extension 



Insulated 
guide tube 



Work 

fig. $.$— Self-shielded electrode nozzle 



of the ingredients in the core {in combination 
with the composition of the sheath), it is pos- 
sible to 

(1) Produce welding characteristics ranging 
from high deposition rates in the flat position to 
proper fusion and bead shape in the overhead 
position 

(2) Produce electrodes for various gas 
shielding mixtures and for self shielding 

(3) Vary alloy content of the weld metal 
from mild steel for certain electrodes to high 
alloy stainless steel for others 

The primary functions of the flux core in- 
gredients are to 

(I) Provide the mechanical, metallurgical, 
and corrosion resistant properties of the weld 
metal by adjusting the chemical composition 



(2) Promote weld metal soundness by 
shielding the molten metal from oxygen and 
nitrogen in the air 

(3) Scavenge impurities from the molten 
metal by use of fluxing reactions 

(4) Produce a slag cover to protect the 
solidifying weld metal from the' air, and to con- 
trol the shape and appearance of the bead in the 
different welding positions for which the elec- 
trode is suited 

(5) Stabilize the arc by providing a smooth 
electrical path to reduce sparter and facilitate 
the deposition of uniformly smooth, properly 
sized beads 

Table 5. 1 lists most of the elements commonly 
found in the flux core, their sources, and the 
purposes for which they arc used. 

In mild and low alloy steel electrodes* a 
proper balance of deoxidizers and, in the case 
of self-shielded electrodes, denitrifiers must be 
maintained to provide a sound wefd deposit with 
adequate ductility and toughness. Deoxidizers, 
such as silicon and manganese, combine with 
oxygen to form stable oxides. This helps to 
control the formation of carbon monoxide 
which causes porosity, and also the loss of alloy- 
ing elements through oxidation. The denitrifiers, 
such as aluminum, combine with nitrogen and 
tie it up as stable nitrides. This prevents nitrogen 
porosity and the formation of other nitrides 
which might be harmful. 

CLASSIFICATIONS OF ELECTRODES 
Mild Ste«l Electrodes 

Most mild steel FCAW electrodes are clas- 
sified according to the requirements of AWS 
A5.20, Specification for Mild Steel Electrodes 
for Flux Cored Arc Welding. The classification 
system follows the general pattern for electrode 
classification. It may be explained by consider- 
ing a typical designation. E70T-I. 

The prefix "E M indicates an electrode, as 
in other electrode classification systems. The 
first number refers to the minimum as-welded 
tensile strength, in 10 ksi units. In this example, 
the number **7" indicates that the electrode has 
a minimum tensile strength of 70 ksi. The sec- 
ond number indicates the welding positions for 
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